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Comment on Universal Spin-Flip Transition in
Itinerant Antiferromagnets" by G. Varelogiannis:
In a reent paper,
1
it is argued that an itinerant an-
tiferromagnet in an external magneti eld undergoes a
spin-ip transition, in marked ontrast with the behav-
ior of a loalized antiferromagnet: for a weak magneti
eld, the magnetization is parallel to the eld (Fig. 1a),
and ips to the perpendiular onguration (Fig. 1b) at
a ritial value of the eld. A similar spin-ip transition
is predited to our as a funtion of temperature.
In this Comment we show  onsidering only the zero-
temperature ase  that the onlusions of Ref. 1 are
inorret. The antiferromagneti state in the perpendi-
ular onguration has a nite transverse suseptibility:
a uniform magneti eld applied perpendiular to the
antiferromagneti magnetization will inevitably indue a
uniform magnetization. As a result the energy of the
anted state (Fig. 1) will always be lower than that of
the antiferromagneti state in the perpendiular ongu-
ration. The atual ground state of the system should be
determined from the free energies of the various phases
that are onsidered (inluding the normal phase). It is
not suient, as done in Ref. 1, to nd a solution with
a nite order parameter and infer the ground state from
the amplitude of the magnetization. The anted state 
not onsidered in Ref. 1  turns out to be the antiferro-
magneti ground state of the system up to a ritial value
of the eld where the normal state is restored.
(a) (b) (c) (d) 
FIG. 1: Antiferromagneti states: (a) parallel onguration,
nr = (−1)
r
zˆ ‖ H; (b) perpendiular onguration, nr =
(−1)rxˆ ⊥ Hˆ; () anted state, nr = ((−1)
r sin θ, 0, cos θ).
(d) The normal state has a ferromagneti omponent indued
by the magneti eld (nr = zˆ).
To illustrate these points, we onsider the mean-eld
Hamiltonian of the two-dimensional half-lled repulsive
Hubbard model in a uniform eld H parallel to the z axis
and oupled to the fermion spins:
2
H = −
∑
r,r′
c†rtr,r′cr′−
∑
r
c†r(hσ
z+mσ·nr)cr+Nm
2
U
, (1)
where h = µBH and cr = (cr↑, cr↓)
T
. N is the total
number of sites, tr,r′ a hopping integral between nearest-
neighbor sites, and σ = (σx, σy, σz) stands for the Pauli
matries. m and nr (n
2
r
= 1) determine the ampli-
tude and the diretion of the magnetization, respetively.
Although written in real spae, the Hamiltonian (1) is
similar to that onsidered in Ref. 1. For h = 0 and
nr = (−1)rzˆ, it desribes the rossover from a Slater
(m ∼ te−2pi
√
t/U
) to a Mott-Heisenberg (m ∼ U/2) anti-
ferromagnet as U inreases.3
We onsider the three antiferromagneti states that are
shematially depited in Fig. 1, as well as the normal
state (Fig. 1d). Diagonalizing the Hamiltonian (1), we
obtain the free energy F (‖,⊥) = m2/U−∑σ
∫
k
E
(‖,⊥)+
kσ /2,
where E
(‖)±
kσ = −σh ± (ǫ2k + m2)1/2 and E(⊥)±kσ =
±[(ǫk − σh − σm cos θ)2 + (m sin θ)2]1/2 are the exi-
tation energies (obtained from the poles of the single-
partile Green funtion) and ǫk = −2t(coskx + cos ky)
(assuming a square lattie). The amplitude m of the
magnetization is obtained from ∂F/∂m = 0. θ is ob-
tained from ∂F/∂θ = 0 in the anted state (), whereas
θ = π/2 in the AF state (b). In the normal phase,
FN = m
2/U − ∫
k
|ǫk − h−m|.
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FIG. 2: Left panel: exitation gap in the parallel onguration
(a) (m−h, short-dashed line), the perpendiular onguration
(b) (m, long-dashed line), and the anted onguration ()
(m sin θ, solid line) [U = 4t℄. Right panel: free energy F (‖,⊥)−
FN . All quantities are normalized to their value at h = 0.
For the parallel (a) and perpendiular (b) ongura-
tions, the mean-eld equation ∂F/∂m = 0 agrees with
Ref. 1 and yields the same exitation gap (Fig. 2). Al-
though the parallel onguration has the largest magneti-
zation (m) in weak eld,1 it is not the ground state. The
free energies are shown in Fig. 2. While the three anti-
ferromagneti states (a,b,) are degenerate when h = 0,
the perpendiular onguration (b) has always a lower
free energy than the parallel one (a) for any nite eld,
in ontradition with the onlusions of Ref. 1. More-
over, the anted state has the lowest free energy and is
therefore the atual ground-state. When H inreases, the
angle θ dereases and vanishes at the seond-order phase
transition to the normal phase (h ≃ 2.06t in Fig. 2), in
qualitative agreement with the behavior of the magneti-
zation in a loalized antiferromagnet.
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